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SUMMARY 

Tests have been made on an unswept, high-wing wing-fuselage model of 
aspect ratio 9.8, with boundary layer control by blowing at the shroud of 
trailing-edge flaps and ailerons. Propeller slipstream was represented 
during some of the tests. 

Criticsl blowing momentum coefficients were determined; these ranged 

from O-015 to O-05 at flap angles of 30' and 60° respectively. With slip- 
stream, a critic&t coefficient defined in terms of slipstream velocity at the 

propeller diso was substantially independent of thrust coefficient. 

Increments of lift coefficient, without slipstream, due to a blow 
momentum coefficient of 0'1, were O-65 and 1'82 respeotively at flap angles 
of o" and 60°. 

+Replalces H.A.g. Teclmicai-RGport 6811: - A.R.C. 30636. 
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I INTRODIlCTION 

This Report gives results of low-speed wind-tunnel tests on an unswept 

wing-fuselage model of aspect ratio 9’8, to find the effect of blowing over 
trailing-edge flaps and ailerons on the aerodynamic characteristics. The 
determination of the blowing quantities required to obtain attached flow for 

a range of flap angles, including the effect of slipstream, was an important 
part of the experiment. 

The model used for the tests was representative of the wing-fuselage 

arrangement of a proposed high-wing transport aircraft. The flaps and 
ailerons extended from just outboard of the fuselage to the wing tip, and 
the blowing slot, which extended over the entire flap/aileron span, was 
tapered in depth in proportion to the chord of the sliefitly tapered wing, 
with the intention of achieving unifotity of sectional blowing momentum 

coefficient over the span. Two separate series of tests were made. During 
the first, defects in the quality of the blowing slot and some basic d.is- 

advantages of the model became apparent; as a result there was considerable 
variation of the value of mean blowing momentum required ta obtain attached 
flow at various spanwise positions; this may have been due to locsl variation 
of' critical momentum required,, or of local momentum achieved for a given 
mean value or, more probably, a combination of both. The blowing slot was 

improved prior to the second series of tests but while this gave some local 
improvements, spsnwise variation remained, and while there was some increase 

of lift at constant incidence, maxima were not improved. The effects of 

propellerrilipstresm were investigated during the first series, but this was 
not repeated during the second seriqg. 

These tests, which were made in the 2l+ft wind tunnel at the R.A.E. 
during 1962 and 1963, were the first in the Low Speed Tunnels Division in 

which it was attempted to pass air into a model through the centre of a 
strain gauge balance. The tests showed the method to be successful apart 
from some minor;defects in detail. The arrangement of the rig and its 
calibration have been fully described by Eyre'. 

A blowing momentum coefficient C' 
P 

defined in terms of the blown area 

of the wing is used in this Report. If constancy of sectional momentum 
coefficient over the blown &a had been achieved exactly, C' 

P 
would equal 

this sectional value, and in the presence of some local variation, it is 

representative of mean conditions over the blown area. 
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2 MODEL DETAILS 

The main details of the model are given in Table I, and the general 

arrangement of the model and details of the blowing slot in Fig.1. A photo- 
graph and drawing of the arrangement in the 24ft wind tunnel are given in 
Figs.2 end 3 respectively. For the tests without slipstream the wing was 
" de an" , without nacelles. The model had no fin or tailplane. 

The control* upper surfaces forward of the hinge were curved (Fig.1) 
with centres at the control hinge, end the blowing slot was aligned to blow 
tangentially on the curved surface. Cover plates extended rearwards from the 
lower surface to maintain the wing contour: the lower surface of the silerons 
forward of the hinge was chamfered so that it remained within the cover plate 
at upward aileron deflection. 

- The modifications made between the tw.~ series of tests consisted of 

stiffening the blowing slot upper lip to prevent local distortion, removal 
of small internal blocks at the dihedral kinks, and fitting internal vanes to 
improve air distribution at the inboard end of the blowing slot. More com- 
plete details are given in Ref.1. 

3 DETAILS OF TESTS 

Most of the tests were made at awind speed of 100 ft/s (giving a 
Reynolds number based on aerodynamic mean chord, z, of 0.9 x i06). Tran- 

sition was fixed on the fuselage by a wire at appmximately one msximum radius 
aft of the nose and was free on the wing except where otherwise stated. Some 
comparisons at 140 ft/s showed little change in the critical value C,', of 

a 
the blowing momentum coefficient. Some of the tests with slipstream were made 

at speeds below 100 ft./s, in order to obtain the required values of thrust 

and m0ment.m coefficients. Sealing the gaps between wing and controls was 
found to have little effect on forces or critical blowing quantities, and 
these were left unsealed for the main tests. The gaps between the inboard 

and outboard flaps were sealed for all the tests; those between outboard 

flaps and ailerons were sealed when these controls were at equal angles. The 
following tests were made during the two series. (The range of configurations 
and blowing quantities for which force and moment measurements were taken is 
summarised in Table 2.) 
* The model being tail-less, the term "control" is used in this Report to 

refer to the flaps and ailerons together. 

. 

. 
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3.1 "Clean" wing. without nacelles 

(i) Assessment of critical blowing quantities by means of tratiing- 
edge pressures, tuft observations, and balance measurements. 

(ii) Six-component balance measurements, over a range of incidence 

from -5'5' to the stall, for various combinations of flap and aileron angle, 
mainly with symmetrical aileron deflection but including some asymmetric 
conditions. kyawed. 

(iii) Six-component balance measurements over a range of yaw angle 

from -20' to +20°, for various symmetrical deflections of flap and aileron. 

Incidences O', 3', 6', 9'. C' 
P 

= oto0*1. 

(iv) Measurements of aileron effectiveness. 

(VI Measurements of hinge moments on flaps and ailerons, at 

blowing coefficients from 0 to 0’1, and incidences from -5'.!? to 15O, for 
various symmetrical flap and aileron deflections. 

(4 Assessment of stalling behaviour by tuft observations, for 

various control settings and blowing momentum coefficients. 

(vii) Measurement of the effect of a spanwise wire on the wing, on 
forces, moments, and boundary layer thickness. 

3.2 Wing with nacelles and propellers 

(i) Assessment of critical blowing quantities by trailing-edge 

pressures, for various control settings and thrust coefficients. 

(ii) Six-component balance measurements, over a range of incidence 
from -5'5' to the stall, for various symmetrical combinations of control 
angle, without yaw. Tc range 0 to 4-l. C,', range up to O-25. 

4 ASSESSMENT OF BLOWING REQUIREMENTS 

4.1 CriterIafor the determination of critical blowing quantities 

Wil&%+'s 'ii63 BiXlek2 give three possible criteria for the assessment 
of the crit.iBal. sectional blowing coefficient C' . 

pa 
These are:- 

(a) Thaf.-giving attach&,floti as indicated by tufts or pressure 
recovery at or near the trailing-edge. 
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(b) That giving the estimated theoretical lift increment for the flap 
corrssponaing in inviscid flow. 

(c) That corresponding to rapid reduction in the slope of the CL vs. 
c; curve. 

Of these (b) end (c) depend upon uniform behaviour over the span, which 
was not obtained during the present tests. In these circumstances (b) gives 
an overestimate of the critical coefficient; the sectional CL vs. C' curve 

P 
is steeper below the critical condition than it is above, so that a com- 
paratively high lift loss at a small sub-critical region must be balanced 
by substantial over-blowing elsewhere, giving a mean value above that which 
would obtain in uniform conditions. With criterion (0) the gradual flatten- 
ing of the mean C II vs. C' 

IJ 
curve resulting from spanwise spread of attached 

flow as C' 
CL 

is inoreased gives a wry U.-defined assessment of a critical 
value. It therefore appeared best in these tests to rely mainly on 
criterion (a), and, since heavy tufting mq of itself cause flow separation 
at nesr-critical conditions, pressure recovery at or ~esr the trailing-edge 
has been used primarily in determining C; . 

a 

For the first series of tests pressure tappings were fitted in the 
flaps and ailemns at 9% chord on the upper surface, and these gave a good 
indication of pressure recovery close to the trailing-edge: prior to the 
second series it was decided that an improved indication of trdling-sdge 
conditions, with a better defined slope change end reduced dependence on 
incidence, should be obtained from tappings in the trailing-edge, pointing 
downstream, and these were fitted (using more trZiling-edge tapping.3 than 
had bed used originally at 9% chord). In fact these trailing-edge tappings 

gave less distinct changes of slope in the C vs. C' curve than the ones P P 
at 9% chord. 

The critical value C' cI 
a 

indicated by a curve of Cp vs. C; has been 

taken as the value of C' 
P 

corresponding to a sharp reduction in the slope 
of the curve, usually at a small positive value of C . P Fig.4 shows a 

compa.riaDn of tuft indication of local attachment and Cp Vs. C' curves at 
P 

a number of spsnwise stations. Correlation is not wry good - possibly in 

part because of the spsnwise separation of tapping and tuft necessary to 
avoid interference, but the above nethod of assessing C' 

'a 
is, broadly 

a 
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speaking, supported by the results. (The curve at y = O-13 b/2 differs in 

basic form fmm the others snd gives no guide to attachment.) 

In order to obtain consistent estimates of critical blowing coeffxient 
thevslueof C' 

'a 
has been taken in each case from the same region of the 

starboard wing; this was a region giving early attachment, since delayed 

attachment is probably due mainly to local defects, and the starboard mng 
wss chosen because in general It. gave earlier attachment and more consistent 
behaviour than the port. (Figs.13 and 15 of Bef.1 show much less local 
variation of slot totsl head loss on the starboard wing than on the port. 

In the absence of a locd mass flow measurement the corresponding variation 
of momentum coefficient cannot be assessed, but it 1s likely that this also 
is more uniform on the starboard wing.) 

4.2 Critical blowing quantities without slipstream 

Figs.5 to 7 show curves of Cp vs. C; for the starboard vnng at 
a = 00 from the first series of tests, C p being taken at 95,h chord on the 

upper surface, with contml angles equal over the span. At angles of 45” 

and 60" the flow on the entire inboard flap, and on the outboard flap 
adpcent to the dihedral kink, does not appear to attach on the surface at all 

witun the range of test blowing quantities. Similar curves fmm the second 

series (where most C 
P 

values were taken at the trailing edge) are given in 

Figs.8 to 10. Apart from the inner end of the inboard flap, curves character- 
istic of attached flow were obtained within the test range of C; at all 

po%nts, and tuft observations adjacent to the inboard point showed that 
attachment occurred here also, in spite of the unusual shape of the C vs. 

P 
C; curve (Fig.4). But the lack &uniformity between spanwise stations 
on the wing was still considerable. The following table gives values of 

C' 
cIa 

estimated from these curves, and fmm similar ones at higher incidence. 

First series Second series 
6 F,A a = 00 6’ 10’ O0 6O 

3@ 0’01 o-015 o-015 0’02 
O-025 o-03 0.03 0.03 o-04 
o-05 O-055 0.05 0.055 

. 
Values from the second series are slightly greater than from the 

first. The values of C' 
I-r 

are s mean for the whole wing, derived fmm 
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total mass flow and mean total head in the slot. The non-unifarmity of 
blowing slot width which existed during the first series would cause greater 

local disparity from the mean value than occurred on the second, so that true 
local values of C' 

P 
at the "good" regions used in assessing C' W8?X 

probably somewhat higher than the mean value. pa 

The following are estimates of C,', from criteria (b) ard (c). 
a 

(b) I (cl I 

1st series 2nd series 1st series 2d series 

6 F,A a = o" 6O o” 6O o” 6O o” 6’ 

3o” 0.022 0.026 0.020 0.027 o-015 0.02 o-015 o-025 

45O 0~04.2 0'052 0-038 o-046 0.03 o*oL+ 0.035 O-04 
60’ 0.068 O-078 0-066 O-075 0.055 O-065 0965 (poorly defined) 

. 

As expected, these values are higher than those for criterion (a) - 

very substsntially so for (b). Fig.15 shows curves of CL against a and 
C' 
CL' 

and the gradual nature of the slope change of the CL vs. C' 
P 

curve, 

and the consequently poor definition of a criticsl value of C' 
CL 

using 

criterion (c) is apparent, particularly at the higher contml angles. 

4.3 Critical blowing quantities with slipstream 

For the estimation of criticsl blowing quantities within a slipstream 
which covered only part of the span, tufts or pressures near the trsiling- 

edge were the only methods which could be used, and for the present tests 

only results from stations lying well within the slipstream and giving good 
flow on the clean wing were useful. In practice this limited the assessment 

of C' 
pa 

to one spanwise station on the starboard wing, at which estimates 

could be based onpressures at 95-A chord. (This station is indicated on 

Fig.1). In Fig.11, Cp at this position is plotted against C', for each 
P 

of the three control angle settings and. for a range of propeller thrust 

coefficient Tc, at a = 0'. Vslues of C' 
pa 

, estimated from the slope change 

of the curves, are clearly defined and sn? tabulated belcw. The table also 

shows the value of C; /(l + a)2, that is, the value of the critical blowing 
a 

coefficient based on the slipstream velocity at the propeller disc, derived 

,frcm simple momentum theory. 
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0 0’014 0’014 

o-4 0~018 0~012 

0'8 0.025 o-01 3 
1'4 0.033 0.013 
I -8 0.0% 0'013 

2'6 

4'1 I I 

1 
C' II* C' 

pa 

II* (I + 4 
2 p'a (I + a)2 

0.028 0'028 oa$i3 o-048 

0.0% 0-023 

o-044 0.023 

o-069 0'024 

o-073 
O-088 

o~lly 

0'14.0 

o-oy3 

0'047 

0-W 

o-049 

I 
0*160 0’048 

I I 0'200 0'042 1 
As one would expect, the value of C; increases with slipstream 

a 
velocity; the critical coefficient based on the velocity at the disc is 
however substantially constant and in good agreement with values for the 
clean wing . This is possibly fortuitous ard may not be generally the case. 
Calculation using the theory of Smelt and Davies3 shows that, for an 

unobstructed slipstream,the velocity developed at the quarter chord point on 
this x'=ng 1s Vo(l + 1.8%). Increased turbulence in the slipstream may however 
reduce the crltxal blowing coefficient,that deternnned In terms of local 

velocity at the Ivlng,compared with that for the clean wine without slipstreun. 

Critical blowing coefficients for both the "clean" wing and the wing 
with slipstream are plotted against flap angle in Figs.12a and 12b. 

4.4 The effect of model configuration and blowing slot defects on 1oC.d 

values of critic&l blowing quantities 

The wide variation across the span of the mean value of C' 
II 

required 

to give attachment must be due to imperfections of the blowing slot, SO that 
the local value of C' 

P 
is lower than the mean, or to deteils of the model 

confi,mation which causes e locally high critical value. In particular, 

delayecl attachment in the dihedral kink during the first series of tests was 

thought to be due to a local blockage of the slot, present for construotiod 
reasons, whxh extended over about 0.4 in of the span at that point; that at 
the inboard end of the flap near the wing root appeared attributable to 
interference effects between the fuselage and the flap. A more detailed 
lnvestlgatlon of these features KLS made. 

1esults of the corresponding posltion on the port wing and on the 
Inboard flap on the starboard wing, although less representative of conditions 
3t "f-~ood" regions of the wing, are consistent with a correlation based on 
$/(I + 42. 
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4.4.1 Slot blockage 

During the first series of tests, blockages of I/E, l/4, 1/2 and 1 in. 
were inserted in turn into the blowing slot forward of the mid-point of the 

starboard outer flap. Tufts on the flap were observed and balance measure- 
ments taken at zero incidence over a range of blowing conditions. The tufts 

indicated that for blockage of l/4 in.or less the flow remained attached at 
blowing rates above the critical, but for blockages of q/2 and I ina region 
of separated flow on the flap widened spanwise downstream of the blockage at 
an angle of approximately 30' to the flap chord line, at all supercriticd 
values of blowing coefficient. Fig.13 shows appreciable reduction of lift 
coefficient due ta this blockage in the cases where it causes flow sepsration. 

&I+.2 Wing root conditions 

Trailing-edge pressure at y = 0.13 b/2 (the inboard end of the flap 
being at 0’11 b/2) are shown in Fig.14 for a = O" and control angles all 

6o". The C vs. C' 
P P 

curve is very different in form fmm those elsewhere 
on the wing, with no pressure recovery with increase of C' 

P 
&oveO'OL A 

number of modifications were made at the wing mot to investigate this. The 
first consisted of continuing the flap inboard to the fuselage. This 

alter&the curve,maldngitdiffer still furtherfmm the usual form,with 
reduced trailing-edge pressure at all values of C'. Further modification 

CL 
by building up a fsiring on the fuselage to form a "slab" side, eliminating 

the acute angle between the upper fuselage and the lower wing surface, again 
caused a reduction in trailing-edge pressure at values of C' 

P 
above O-03. 

A large fence was then fitted at y = 0.19 b/2 on the starboard wing, 
extending from I.5 in.forward of the leading-edge to the trailing-edge of 

the lowered flap. This fence was therefore in the ssme position relative 
to the trailing+dge pressure station at y = O-205 b/2 as the fuselage side 
was to the station at y = 0.13 b/2. The Cp VS. CL curve for y = 0'205b/2, 

which had been aC nolrmal form, then took a form similar ta that found at 
y = O-13 b/2 (Fig.14). The behaviour near the inboard end of the flap 

qpears therefore to be a fuselage proximity effect, possibly due to the 
fuselage boundary layer. 

5 TDFTSTIJDIES OF THE STALL PA!ll'ERN 

Tufts on the wing upper surface at 0.2~ and 0.5~ were used to examine 

the form of the stsll as incidence was increased at constant C'. 
P 

At C; =O 

E 

. 
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the stall originated at the trailing-edge at all control angles. With 

increasing blowing momentum the stall pattern changed from trailing-edge 
to leading-edge separation, the change occurring initially at the wing tip, 

and at increasing values of C' 
P 

with increasing control angle, as follows:- 

6 
F,A 

C; for change from T.E. to L.E. stall 

O0 0'02 

NO" 0.02 

45O O-04 
60° 0.06 

6 FORCE AND MOMENT MEASUREMENTS 

6.1 Tests made 

Table 2 shows the configurations for which force and moment measure- 

ments were made. Results plotted in this report are confined mainly to 

those obtained with equal flap and aileron, settings. Results for non-equal 
settings are available on application to the Librarian, Aerodynamics Depart- 
ment, R.A.Z. 

6.2 Tests on the "clean" wing. without nacelle 

Lift coefficient IS shown plotted in "carpet" form against a and C' 
P 

in Fig.15; values of CL max and of CL at a0 (the incidence for sero lift 
at6 F = S A = 00, C' = 0) are plotted against SA and C' in Figs.16 
and 17 respectively (nonfequal flap and aileron settings being kluded). 

2 In Fig.18 are shown curves of CD against CL and Cm against CL. 

Fig.16 shows increments in CL max due to a blowing momentum 
coefficient of 0'10 ranging from 0.65 at flap and ailemn angles of zero to 
1’82 at a setting of 60'. Because of the associated negative change in 
pitching moment,(Fig.l8), increments in maximum CL would probably 

trimmed 
be somewhatikss - perhaps 0*6*and 1.65 r&spectively in the above oases. 

Measui+eme$s of sideforce, yawing moment and rolling moment coefficients 
for the yawed~midel have been centralised and sre plotted against angle of 
side-slip in Fig.19. 

6.3 - Tests wi.th&.ipstream 

Lift coefficient with slipstream is plotted against incidence in 

Fig.20. Fig.21 shows lift coefficient plotted against propeller thrust 
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coefficient, for an incidence of -2' at flap and aileron settings of No0 and 

60'. Also shown are csloulated values for the variation of CL with T 
derived using the method of Smelt and Davies3, 

C 
the calculated increments being 

added to the lift measured at Tc = 0. At CL = 0 the measured lift increment 
exceeds the estimate; in this case the flow over the flap is separated both 
with and without slipstream, but increased turbulent ting in the slipstream 
probably gives some improvement in the flow. At C' = 0.10 sgreementbstween 

CI 
measurement and calculation is fairly good; in this case the blowing momentum 
1s sufficient to give attached flow except at the higher Tc with 60' control 
setting, where the measured result does fsll below the estimate. At 
CL = O-156 (where there was no measurement of lift at Tc = 0, and this has 
been interpolated from other results) agreement is less good, although the 
blowing momentum is sufficient to maintain attached flow at a thrust 
coefficient of 1.8. 

6.4 ,ileron effectiveness 

In Fig.22 rolling moment coefficient is plotted against ailemn angle. 

(The curves shown are for variation of starboard aileron angle only, with 
port aileron at 0'. Some points are shown for a port aileron deflection of 
-28'). The effect of flap and aileron blowing in maintaining control power 
by preventing separation of flow over the control is clearly demonstrated; 

the effect is substantially reduced when the entire wing is stalled at high 
incidence and flap angle. 

7 HINGE MOMENT MEXSDR?MZNTS 

Hinge moments on the flaps and ailerons were measured by strain gauges, 

and hinge moment coefficients are plotted against control angle and blowing 
coefficient in Figs.23 to 25. 

8 NON-LINEAR EFFECTS AT LC?Y IXCIDENCE 

Non-linear variation of lift and pitching moment coefficients with 
imxdence was observed at low incidence with flq angles of 45' and 60~; this 

is cpparent in Figs.l% and 15d, and 18c and Iad, particularly at a C' of 
P 

0.04. Only a brief investigation of this was possible; it was found that 

sealing of intercontrol and wing-control gaps had no effect. A 28 SVYG wire 

attached to the wing leading-edge over the whole span tc ensure forward 

transition on the wing partially straightened the CL - a curve, and moving 
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the wire to 0.05 c on the upper surface gave an &most linear CL - a 

varution, by reducing CL at the lower incidences. Comparative curves 

are given in Fig.%. A corresponding straightening of the Cm - CL curve 

is shown m Fig.18d. 

Comparative measurements of total head in the boundary layer were made 
at three upper surface positions without and with a wire at 0.05 c on the 
upper surface, and these are shown In Fig.27. The wze causes an Increase 

In boundary layer thickness, of the order 0'005~ at all three positions. 
Increase of incidence also causes boundary layer thickening, but the effect 
of Increasing blowing momentum appears rather to be one of increasing totsl 
head loss within the boundary layer, because of increased velocity, with 
little increase in layer thickness. 

It appears probable tnat the non-linearity of the CL - a curve at 
C;I = 0'04 with no wxe IS due to thickening of the boundary layer with 
Increasing lncldence causing loss of lift at a blowing momentum close to the 
critical value, when the main flow is sensitive to variation of boundary 
layer thickness. Thickening of the boundary layer by a wire produces a 

slmllar effect at lower incidence and so straightens the c-e. The partial 

straightening of the curve by a wire at the leading-edge suggests that it 
thickens the boundary layer to a lesser extent than does the upper surface 
wire at 0'05c; this is probably due to a favourable pressure gradient on the 
upper surface between the wue and the nose suction peak at the lower 
lncidences. 

9 CONCLUDING REMARKS 

These tests, the first at the 9.A.E. in which air was supplled ta a 
model through the centre of a strain-gauge balance, showed the method to be 
a sllccessful solution to the problem of introducing air without balance 
constraint. 

The critical blowing momentum coefficient for attachment of flow Over 

the flaps increases with flap angle as follows, at zerc incidence. (The 
effect of incidence change is small.) 

3o” 0’015 

45O o-03 

60~ o-05 
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In the presence of slipstream, the critical blowing momentum coefficient 
defined in terms of the velocity at the propeller disc was substantially 

independent of propeller thrust. 

With increasing blowing momentum, the stall pattern changed from one 
of trailing-edge to leading-edge separation. 

Increments of maximum lift coefficient obtained on the "clean" wing at a 
C; of 0'1 were 0.65 and 1'82 respectively at flap angles of O" and 60°, with 

intermediate values at intermediate flap angle. 
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Table 1 

MODEL DATA 

FLAP 

Spa 
Aeroc@namic mean chord z 

13.50 ft 
I*&05 ft 

Root chord (constant cut tc dihedral kink) l-583 ft 
o-992 ft 
la.60 sq ft 
16.26 so ft 

Tip chord . 
Gross area 
Blovm area 
Aspect ratio 
Dihedral (outboard of kink) 
Spanwise location of kink 
Root set tion 
Tip section 
\Ving twist 
Blowing slot depth (nominal) 

9.8 - 
0 

2.0';3 ft 
NACA 6$Aq (16.5) 
NACA 6$Ak (13) 
Zero 
0.0065 in.inboard 

of kink, tapered 
in proportion to 
chord 

TYPe 
Inner flap span (per side) 
Inner edge from model centre line 
Outer flap span (per side) 
Flap chord/wing chord 

AILF&OIiS Span (per side) 
Aileron chcrdpFing chord 

BODY Overall length 8.317 ft 
Overall width i~l.442 ft 
Overall depth 1,371 ft 

PROPELLERS Type 
Number of blades, each 
Diameter 
Solidity 
Blade angle at 0.7 ra&us 

JING-BODY ANGLX _ 

Plain 
1'298 ft 
o-735 ft 
2.505 ft 
0.25 

2'212 ft 
0.25 

Single left-hand tractor 
4 
1.60 ft 
0.098 
17 

I" 

. 
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Table 2 

CCNFIGIJRA!CIONS AND BLOWING RATES FOR FORCE AND MOMENT MEASUREMENTS 

(a) Incidence range -5.5’ to stall, unyawed model. 

80 60 
30 

0 
-28 

60 60 
45 
30 
15 

0 
-15 
-28 

- 

45 60 
45 
3 

0 
-28 

30 60 
5;, 

0 
-28 

0 60 
45 
30 
15 
0 

-15 
-28 

First series Second series 

f Nominal value of C'. 
P 

Actual value may differ by +0'002 

$J Indicates measurements made at this condition. 
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. 

Table 2 (Contd.~ 

(b) Yaw range ?20°, at a = 00, 30, 60, v” 

First series only 

6F &A 
C’ f 

0 0.02 o-04 o-06 0.10 

80 30 # p 

80 0 qi p 

60 60 qJ $J rp 

60 3Q + + 
,p 

60 o &3) 

45 45 J3) $(3) ,(3) &3A 

45 Q ,$(3,9) &3,9) 

30 30 G # G+ 
30 0 ,&3) (#J3) ,+(3) 

0 0 +(3) +(3)' 

# Indicate3 measurements at this condition 

Figures in brackets indicate incidence omitted 
* Additional incidence, a = +12'. 

(c) Incidence range -5.5' to stall. Unyawed model. Aileron differential 
runs 

First series First series Second series Second series 
SW 6* = 0 = 60 6 = 0 = 60 

c; c; = 0, 0'02, O-If 

t$ = 60 tiF bF 
= 0, 0'02, O-If C’ = 0, C' P = 

P 
0, 0.06, O-If fi.06, 0-1f c; = 0 ani 0.1 f C; = 0 and 0'1 f 

4 4 @ @ 

t iu‘ominfit value. Actual value may differ by ?0'002. 
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(d) Tests with slipstream 

60 

Table 2 (Contd.1 

60 0 0, 0.1, 0.25 

O-8 0, 0’1 

I.4 0, 0’1, 0.1% 

1.8 0, 0.1, 0.156 

2.56 0.178 

4'1 0'229 

60 

60 

30 

0 

TO 

30 

0 

0 0, 0'1 

O-8 0, o-1 

1'4 0, 0'1, 0.1% 

1.8 0, 0'1, 0.155 

2.56 0.177 

4'1 0, 0.228 

0 0, 0’1, 0'25 

O-8 0, o-1 

1.8 0, 0’1, 0.156 

4'1 0, 0'229 

0 0, o-1 

0.8 0: 0'1 

1.8 0, 0'1 

0 

o-8 

1.8 

4-I 

c; f 

f Nomind. values. Aotul values may differ by ?0'002 
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a 

% 

6A 
6 

6y 

6 
AS 

Y 
b 

s 
c 

z 

s 
S' 

D 

PO 
vo 

a 

CL 

C m 

SYMBOLS 

3 wing incidence (chord line to free stream direction) 
= flap deflection 
= aileron deflection, equal for both ailemns 

= deflection of flap and aileron, where these are equal 
= deflection of port aileron 

= deflection of starboard ulemn 
(all contml angles positive for downward deflectlon) 

= lateral distances fmm centre line ft 
= wing span ft 
= distance fmm locsl surface, normal to the surface ft 
= local chod i-t 

= aerodynamic mean chord (= *, f-t 

= wing area (= Jo dy over the span) ft2 
= blown wing area (= Jc dy over the span of the 

blowing slots) ft2 
= propeller diameter ft 
= free stream air density slug/f t3 
= free stream velocity ft/s 
= free stream dynsdc head (= $ p, f) lb/f't2 

Lift, 
=g 

Drag 
'D = qoS cy = Sideforce 

as 

Pitching moment C CzYawing moment Rolling moment = 
90s: n a Sb 

C8 = 
a Sb 

(moments being given about "yawed wind axes", i.e. mutually perpendicular 
axes lying in or normal to the vertical plane containing the model centre 

line, and the horizontal plane. These sxes intersect at a point on the 
centre line mot chord and in the transverse plane of the quarter chord 

point of the aerodynsmic mean chord). 

P = local static pressure lb/ft2 

PO 
= free stream static pressure lb/ft2 
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c 
P 

T c 

m 
v 

J 

C 
CI 

C' 
pa 

CFi 

a 

SYMBOLS (Ccntd.~ 
P - PC = 

a 

= propeller thrust coefficient (= ,-) 
0 

= mass flow rate of blowing air Slug/S 

= velocity of blowing air, assuming adiabatic expansion to 
static pressure pc ft/s 

="vJ 
m v. 

'b s 2 blowing momentum coefficients "; = s, S' 

= mzximum value of C' 
P 

required to maintain attached flow 

= control hinge moment coefficient = 

control hinge moment 
40 x (control area) x (ccntml mean chord1 

= propeller inflow coefficient. Velocity at propeller disc = Vc (I + a) 

h = total h%d pressure lb/ft2 

. 

. 
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Fig.3 Test installation in 24 ft wind tunnel 
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Symbol y/k 

d 0.15 
* 0 25 
v 0 35 
0 0.495 
Y 0 625 
+ 0 71 
0 0.80 
X 0 905 

FIB 5 Cp vs. C,: 6, = 6,= 30° Starboard wmg . d=C” 
First series Pressures at 0 95c on upper surface 



Symbol YIP Symbol 
d 0.15 t 
* 0.25 0 
V 0.35 X 

Q 0 495 0 
Y 0,625 

Ylj 
0 71 
0 80 
0.905 
0.935 , 

. 

. 

Fig 6 Cp vs CA 6, = 8,=45’ Starboard wing. oc=O’ 

First series Pressures at 0 95~ on upper surface 
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Symbol y/i 
d 0.15 
f 0 25 
v 0 35 
0 0.495 
Y 0.625 

Symbol r/P 
+ 0.71 
Cl 0 80 
Y 0 905 
0 0 935 

. 

Fig. 7 Cp vs C,: 6, = 6,=60° Starboard wing. &=OO 
First series Pressures at 0 9% on upper surface 



Symbol Y & $ symbol y/j $ Symbol y/$ $ 
0 013 IO h 0.55 I.0 d 015 0 95 

a 0.205 I.0 
ii 

0 66 I.0 v 0.35 0 95 
13 0.285 I.0 070 I.0 
Y 030 I.0 v 0.825 I.0 
A o-32 I.0 I 095 I.0 
0 0.435 I.0 

b 

CP 

. 
0 6 

05 

I- , I I 1 

Fig. 8 Cp vs CL b F = 6, =30° Starboard wing . &=O” 

Second series 
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Fig 9 Cp vs CL bF=bA=45” Starboard wmq. OL=OO 

Second series 
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Fig IO CP vs Cd 6, = 6, = 60° Starboard wing. oC=W 

Second series 



v, ft/sec Tc v, ft/sec Tc 
z too 70 0 0 + A 70 70 0.8 I.4 

X 100 04 'i 60 26 
: 100 70 08 08 0 50 41 

\ 
-K \ \ , \ I 

Ol\_ \ \015 \ 0.20 PI 025 

bp = 6, = 60' 

J 
Fig. II Cp vs CA with slipstream at y = 0 495 g 

x=0 95c on upper surface of starboard wing d=O” 
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‘Clean’ wing without slipstream 

Fig. 12a Critical blowlng coefficients 



0 20 

G, 

0.15 

0 IO 
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Fig 12b Crttlcal blowmg coefficients 



0 No blockage 
X 0.25m blockoqe 

El 0 5 n blockaqe 
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4' 
$6 

310 

Attached flow over flop for 

Wf3 = on and 0.25n 
Seporoted with opprox 
30“ spread for Ws=05mondIom 

0 125 
GA 

0 15 

Fig 13 C, vs CL with small blockage In blowing slot 
(ahead of starboard outer flap) 
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Fig 14a 8 b Cp vs Cd near the fuselage Junction 

Starboard wing bF= 6A= 60° d=oO 
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Fig 150 8 b Varlatlon of CL with d 
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C;l 

0 

0 0 02 

q 0.061 

b 0.081 
v 0 101 

25 i 

d & = 6~ = 60’ 

Fig. 1% u d Varlatlon of CL with d and Ch 



0 bF = o” = 300 

4 

chlal 
3 

2 

a 
t& = 45" 6,= 60' 

0 
6F = 6/, 

Fig 16 Maximum values of CL 



bF - 45" 6, =60° 

0 
I 

0 
bF= 80' b4l 

Fig.17 Lift coefficient CL0 at no lift angle for 

b,=d, =O” and CL=0 1 d= - 3-2O) 
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Fig. 18a Variation of CD and Cm with CL 



040 

0 35 

. CD 

0 3c 

0 2: 

0 2c 

0 I5 

0 IC 

OSO! . 

. 

I 
I 

-I-- 

-l I 

2 3 4 5 b 7 8 
CL2 

9 

0 03 IO I.5 2.0 2.5 cL 30 
, 

-04 

cm 
4 5 -- I- -- 

-0 6 LL 

35 

b 6, =b,=3$ 

IO 

Fig. 18b Variation of CD and C,,, with CL 
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Fig. 18~ Variation of CD and C, with C, 
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Fig. 18d Variation of C, and Cm with CL 
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-02’ -0021 -602 \~ U’O ‘$1 
-0 
----y----. 3 CP r is 
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cY 

-0 
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Fig.l9b Lateral force and moment coefficients with sideslip 

% = bA= 300 
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Fig. 19~ Lateml force aid m;me;t5$oefficients with sideslip 
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Tc = I.4 

Fig 20 CL vs 

1,-o 
BF= tin= 600 

Tc=0.8 - 

- oo+ -10 CP L oo- 
20 -10 IO& 2 

5 = I.8 

b, = bA= 60’ 

d with slipstream and flap blowing 
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Ftg 21 Effect of slipstream on lift coefficient 
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Fig 22 Aileron effectiveness 
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Fig.23 Control hinge moments vs control angle 6, = 6, stbd wing 



Inner flap Outer flap Aileron 

Ftg 24 Control hinge moments vs Ch 

6F = 6A Starboard wing o( = O” 

0 0 

x 30 
A 45 
+ 60 

bF = 60” 
. 

Fig 25 Aileron hinge moments o(=O” 
(Measured on starboard aileron 

Both ailerons deflected in same directjon posltivc downward) 
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Fig 26 Non-linear effects at low Incidence 
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Fig.27a (L b Total head in boundaryslayer 6, = bA= 60° 
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